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(54) Automatic image-quality adjustment system 

(57) An image-quality adjustment system for a liq- 
uid-crystal projector detects the brightness and color of 
ambient light, or detects the brightness and color of the 
surface onto which the liquid-crystal projector projects 
an image. The image signal is automatically adjusted 



according to the detected brightness and color. For ex- 
ample the brightness, contrast, and color balance of the 
image signal may be adjusted. The intensity of the lamp 
in the liquid-crystal projector may also be adjusted. A 
clear and natural image can thus be projected without 
the need for manual adjustments. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a system that 
automatically adjusts a liquid-crystal projector accord- 
ing to environmental conditions such as lighting condi- 
tions and projection-surface conditions. 
[0002] Image projection equipment such as liquid- 
crystal projectors and cathode-ray-tube projectors (re- 
ferred to below as LCD projectors and CRT projectors, 
respectively) are used in classrooms and meeting 
rooms, for example, to project various types of images 
onto a projection surface such as a screen or a wall. To 
project a clearly visible image, a CRT projector generally 
has to be used in a dark or at least a dim environment. 
LCD projectors, however, are now able to project imag- 
es bright enough to be seen under a wide range of light- 
ing conditions, including rooms illuminated by fluores- 
cent or incandescent lights. 

[0003] The quality of the projected image is strongly 
affected by the brightness and color of the ambient light- 
ing. Image quality is also affected by the brightness (or 
reflectivity) and color of the surface onto which the im- 
age is projected. To project a clear image with natural 
coloration, it is necessary to adjust the contrast, bright- 
ness, and color balance of the image to compensate for 
these environmental conditions. The color-balance ad- 
justment is often performed as a white-point adjustment 
or color temperature adjustment. In conventional pro- 
jection equipment, the adjustments are performed man- 
ually. 

[0004] Since an LCD projector is portable, it tends to 
be used in environments with many different lighting 
conditions and many different types of projection surfac- 
es. Each time a conventional LCD projector is brought 
into a new environment, the user is forced to adjust the 
projector manually in order to obtain a clear and natural 
image. Different adjustments are necessary depending 
on, for example, whether the ambient lighting is fluores- 
cent (which has a bluish cast) or incandescent (which 
has a reddish cast), and whether the projection surface 
is a white screen, a white wall surface, or a non-white 
wall surface. 

[0005] There is a known technology (disclosed in Jap- 
anese Unexamined Patent Publication No. 5-227497, 
for example) for sensing ambient brightness and adjust- 
ing the brightness of the displayed image automatically, 
but this technology fails to adjust the color balance, and 
fails to compensate for the color and reflectivity of the 
projection surface. 

[0006] Accordingly, even with the above technology, 
the user of a conventional liquid-crystal projector is 
faced with the need to make manual adjustments each 
time the liquid-crystal projector is set up in a new envi- 
ronment. These adjustments are troublesome and take 
time. 



SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
an image-quality adjustment system that automatically 

5 adjusts an image projected by an LCD projector accord- 
ing to the brightness and color of ambient light and the 
brightness and color of the projection surface. 
[0008] The invented image-quality adjustment sys- 
tem includes a photosensor and a processor, forming 

10 part of an LCD projector. The photosensor detects the 
brightness and color of external light. The processor ad- 
justs an image signal according to the detected bright- 
ness and color, preferably adjusting the brightness, con- 
trast, and color balance of the image signal. The LCD 

*5 projector projects an image according to the adjusted 
image signal. 

[0009] The image-quality adjustment system may al- 
so include a control circuit that controls the intensity of 
the lamp in the LCD projector according to the detected 

20 brightness. 

[0010] The external light detected by the photosensor 
may be ambient light, or light reflected from the surface 
onto which the image is projected. Alternatively, the im- 
age-quality adjustment system may have photosensors 

25 for detecting both types of external light. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0011] In the attached drawings: 

FIG. 1 is a block diagram of an LCD projector em- 
bodying the present invention; 
FIGs. 2A, 2B, and 2C are perspective views of the 
LCD projector in FIG. 1 , showing three possible lo- 
cations for the photosensor; 

FIG. 3 is a block diagram of another LCD projector 

embodying the present invention; 

FIG. 4 is a perspective view of the LCD projector in 

FIG. 3, showing the location of the photosensor; 

and 

FIG. 5 is a block diagram of another LCD projector 
embodying the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 



[0012] Embodiments of the invention will be de- 
scribed with reference to the attached drawings, in 
which like parts are indicated by like reference charac- 
ters. 

so [0013] Referring to FIG. 1 , the invention can be em- 
bodied in an LCD projector 1 comprising a photosensor 
2, a central processing unit (CPU) 3, an image-process- 
ing circuit 4, a liquid-crystal panel S, a famp 6, and a 
lamp control circuit 7. These elements cooperate to 
55 project an image on a projection surface 1 0 such as a 
screen or wall; these elements also form the image- 
quality adjustment system. The CPU 3 receives a pho- 
tosensor signal 2a from the photosensor 2, supplies an 
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image-adjustment signal 3a to the image-processing 
circuit 4, and supplies a lamp-adjustment signal 3b to 
the lamp control circuit 7. These signals enable the im- 
age-quality adjustment system to detect the brightness 
and color of ambient light around the LCD projector 1 
and projection surface 10, and adjust such image-qual- 
ity parameters as the contrast, brightness , and color bal- 
ance accordingly. 

[0014] The photosensor 2 in FIG. 1 is disposed on a 
side cover 1a of the LCD projector 1 , as illustrated in 
FIG. 2A. The CPU 3, image-processing circuit 4, liquid- 
crystal panel 5, lamp 6, and lamp control circuit 7 in FIG. 
1 are disposed inside the housing of the LCD projector 1 . 
[0015] The photosensor 2 comprises, for example, 
three photosensing elements, one sensitive to red light, 
one sensitive to green light, and one sensitive to blue 
light In this case, the photosensor signal 2a compnses 
three separate signals, indicating the strength of the red, 
green, and blue components of the ambient light. 
[001 6] The photosensor 2 does not have to be mount- 
ed on the side cover of the LCD projector 1 as shown in 
FIG. 2A. The photosensor 2 may be mounted on the top 
cover 1b of the LCD projector 1 , as shown in FIG. 2B, 
or on the back cover 1 c of the LCD projector 1 , as shown 
in FIG. 2C. Alternatively, the LCD projector 1 may have 
three photosensors 2, one mounted on each of the three 
covers 1a, 1b, 1c shown in FIGs. 2A, 2B, and 2C, each 
photosensor supplying a separate set of red, blue, and 
green signals to the CPU 3. 

[0017] The CPU 3 uses the photosensor signal 2a re- 
ceived from the photosensor or photosensors 2 to de- 
termine the brightness and color of the ambient lighting 
and calculate appropriate image-quality parameters, in- 
cluding brightness, contrast, and color balance, for the 
projected image. The image-adjustment signal 3a in- 
cludes information for adjusting all of these parameters. 
The lamp-adjustment signal 3b includes information for 
adjusting the brightness of the lamp 6. 
[001 8] The image-processing circuit 4 receives an im- 
age signal from a signal source such as a video appa- 
ratus or a computer (not visible), and processes the im- 
age signal to adjust the brightness, contrast, and color 
balance of the image according to the image-adjustment 
signal 3a. The processed signal is supplied to the liquid- 
crystal panel 5. The lamp control circuit 7 controls the 
brightness of the lamp 6 according to the lamp-adjust- 
ment signal 3b. The light emitted by the lamp 6 is pro- 
jected through the liquid-crystal panel 5 onto the projec- 
tion surface 1 0, thereby projecting an image according 
to the processed image signal. 

[0019] If the ambient lighting is comparatively bright, 
for example, then the CPU 3 preferably increases the 
brightness of the lamp 6 and increases both the bright- 
ness and contrast of the image signal, to make the pro- 
jected image more clearly visible. If the ambient lighting 
is comparatively dark, the CPU 3 preferably decreases 
the brightness of the image signal and dims the lamp 6. 
If the ambient lighting has a reddish cast, the CPU 3 



compensates by reducing the red component of the im- 
age signal and increasing the green and blue compo- 
nents, so that the projected image has a natural color 
balance. Similarly, if the ambient lighting has a bluish 
5 cast, the CPU 3 compensates by reducing the blue com- 
ponent of the image signal and increasing the red and 
green components, once again producing a projected 
image with a natural color balance. 
[0020] Accordingly, the LCD projector 1 automatically 
w projects an image with natural colors and appropriate 
brightness and contrast levels for arbitrary ambient light- 
ing conditions. Compared with a conventional LCD pro- 
jector, the LCD projector 1 is easier to set up and adjust 
because the user does not have to make adjustments 
15 to compensate for the ambient lighting. Moreover, the 
LCD projector 1 remains correctly adjusted even if the 
ambient lighting conditions change while the LCD pro- 
jector is being used. 

[0021] The invention can also be embodied in an im- 
20 age-quality adjustment system that compensates for the 
brightness and color of the projection surface, instead 
of the brightness and color of the ambient lighting. FIG. 
3 shows an image-quality adjustment system of this 
type. The LCD projector 11 in FIG. 3 comprises an Im- 
25 age-processing circuit 4, a liquid-crystal panel 5, a lamp 
6, and a lamp control circuit 7 as described above, a 
photosensor 12 disposed on the front cover 11 d of the 
LCD projector 11, and a CPU 13. The CPU 13 receives 
a photosensor signal 1 2a from the photosensor 12, sup- 
30 plies an image-adjustment signal 13a to the image- 
processing circuit 4, and supplies a lamp-adjustment 
signal 13b to the lamp control circuit 7. The LCD projec- 
tor 11 projects an image onto a projection surface 10 
such as a screen or a wall. 
35 [0022] The photosensor 12, shown more clearly in 
FIG. 4, is positioned to receive ambient light reflected 
from the projection surface 1 0. The photosensor 2 com- 
prises, for example, three photosensing elements, one 
sensitive to red light, one sensitive to green light, and 
40 one sensitive to blue light. In this case, the photosensor 
signal 12a comprises three separate signals, indicating 
the strength of the red, green, and blue components of 
the light reflected from the projection surface 10. 
[0023] The CPU 13 uses the photosensor signal 12a 
45 received from the photosensor 12 to determine the 
brightness and color of the projection surface 10 and 
calculate appropriate image-quality parameters, includ- 
ing brightness, contrast, and color balance, for the pro- 
jected image. The image-adjustment signal 13a in- 
so eludes information for adjusting all of these parameters. 
The lamp-adjustment signal 13b includes information 
for adjusting the brightness of the lamp 6. The image- 
processing circuit 4 and lamp control circuit 7 operate 
according to these signals as described in the first em- 
55 bodiment. The lamp 6 emits light of an intensity specified 
by the lamp-adjustment signal 13b, and the liquid-crys- 
tal panel 5 operates according to the processed image 
signal received from the image-processing circuit 4, 
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thereby projecting an image onto the projection surface 
10. 

[0024] The CPU 13 operates in, for example, the 
same way as in the first embodiment, increasing the 
brightness of the lamp 6 and increasing both the bright- s 
ness and contrast of the image signal when a compar- 
atively bright projection surface is detected, reducing 
the red component of the image signal and increasing 
the green and blue components if the projection surface 
is detected to have a reddish color, and so on. The LCD 10 
projector 1 1 can thus project a clear image, with natural 
colors, onto a wide variety of projection surfaces, not 
limited to white screens and white walls. 
[0025] A third embodiment, illustrated in FIG. 5, de- 
tects and compensates for the brightness and color of is 
both the ambient light and the projection surface. The 
LCD projector 21 comprises a photosensor 2, an image- 
processing circuit 4, a liquid-crystal panel 5, a lamp 6, 
a lamp control circuit 7, and another photosensor 1 2 as 
described in the preceding embodiments, and a CPU 20 
23. The CPU 23 receives photosensor signals 2a, 12a 
from the photosensors 2, 12, supplies an image-adjust- 
ment signal 23a to the image-processing circuit 4, and 
supplies a lamp-adjustment signal 23b to the lamp con- 
trol circuit 7. 25 
[0026] Photosensor 2 may be mounted on a side cov- 
er 21 a of the housing of the LCD projector 21 , as shown 
in FIGs. 5 and 2A, or on the top cover or back cover, as 
shown in FIG. 2B or 2C. Photosensor 12 is mounted on 
the front cover 21 d as shown in FIG. 5, in position to 30 
receive light reflected from the projection surface 10. 
Photosensor signal 2a indicates the brightness and 
color of the ambient light, while photosensor signal 1 2a 
indicates the brightness and color of the projection sur- 2 
face 10. 35 

[0027] The CPU 23 uses the information provided by 
both photosensor signals 2a and 12a to calculate ap- 
propriate image-quality parameters, including bright- 
ness, contrast, and color balance, for the projected im- 
age. The image-adjustment signal 13a includes infor- 40 4 
mation for adjusting all of these parameters. The lamp- 
adjustment signal 1 3b includes information for adjusting 
the brightness of the lamp 6. The image-processing cir- 
cuit 4 and lamp control circuit 7 operate according to 5. 
these signals as described in the first embodiment. The 45 
lamp 6 emits light of an intensity specified by the lamp- 
adjustment signal 13b, and the liquid-crystal panel 5 op- 
erates according to the processed image signal re- 
ceived from the image-processing circuit 4, thereby pro- 
jecting an image onto the projection surface 10. so 6 
[0028] The CPU 13 operates in, for example, the 
same way as in the first embodiment, increasing the 
brightness of the lamp 6 and increasing both the bright- 
ness and contrast of the image signal when the com- 
bined brightness of the ambient light and projection sur- 55 
face 10 is comparatively high, reducing the red compo- 
nent of the image signal and increasing the green and 
blue components if the projection surface orthe ambient 



light is detected to have a reddish color, and so on. The 
LCD projector 11 can thus project a clear image, with 
natural colors, onto a wide variety of projection surfaces, 
under a wide variety of ambient lighting conditions. 
[0029] The control scheme described above may be 
modified in various ways. For example, photosensor 12 
may defect the brightness and color of the projection 
surface twice: once when the lamp 6 is switched off; and 
once when the lamp 6 is switched on to a predetermined 
brightness level and an all-white image is projected. 
[0030] Those skilled in the art will recognize that fur- 
ther variations are possible within the scope of the in- 
vention as claimed below. 



Claims 



1. An image-quality adjustment system for a liquid- 
crystal projector (1) that projects an image accord- 
ing to an input image signal, characterized by com- 
prising: 

at least one photosensor (2) for sensing bright- 
ness and color of external light received at the 
liquid-crystal projector (1); and 
a processor (4) for adjusting the image signal 
according to the detected brightness and color. 

2. The image-quality adjustment system of claim 1, 
wherein the processor (4) adjusts brightness, con- 
trast, and color balance of the image signal accord- 
ing to the detected brightness and color. 

3. The image-quality adjustment system of claim 1, 
wherein the liquid-crystal projector (1) has a lamp 
(6), further comprising a control circuit (7) for con- 
trolling an intensity of the lamp according to at least 
the detected brightness. 

*. The image-quality adjustment system of claim 1, 
wherein the photosensor (2) detects the brightness 
and color of ambient light. 

>. The image-quality adjustment system of claim 1, 
wherein the photosensor (12) detects the bright- 
ness and color of light reflected from a surface (1 0) 
onto which the image is projected, thereby detect- 
ing the brightness and color of said surface. 

A method of adjusting an image projected by a liq- 
uid-crystal projector (1 ) according to an input image 
signal, characterized by comprising the steps of: 

(a) detecting both brightness and color of ex- 
ternal light received at the liquid-crystal projec- 
tor (1); and 

(b) adjusting the image signal according to the 
detected brightness and color. 
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7 The method of claim 6, wherein said step (b) in- 
cludes adjusting the image signal in regard to 
brightness, contrast, and color balance. 

8 The method of claim 6, wherein the liquid-crystal 5 
projector (1 ) has a lamp (6), further comprising the 
step of controlling an intensity of the lamp according 

to at least the detected brightness. 

9. The method of claim 6, wherein said step (a) detects 10 
the brightness and color of ambient light. 

10 The method of claim 6, wherein said step (a) detects 
the brightness and color of light reflected from a sur- 
face (1 0) onto which the image is projected, thereby 
detecting the brightness and color of said surface. 

11 An adjustment system for use with an image pro- 
jector comprising light detecting means and means 
for adjusting an image signal and/or a lamp control 
signal in accordance with an output from the light 
detecting means. 
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FIG.2A 
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